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(54) [Title of the Invention) Electron Emission Device Method , 
Manuring roe Same, and Eiectron Source and Image 
using Electron Emission Device Apparatus 
(57) [Abstract] 

[Object] To provide an electron emission device having a uniform electron 
~L °' " raanUfaCtUred * ™* — S 

[Consntution] An electron emission device formed in such a manner that 

Z2TT^ ^ 2 ' f0m,ed ° D " * «*— » * ^ a snlpeTn 

5^ „m or , ; / ^ t0 "* 0thCT ' intervals L of 

SCO „m or less are formed by focused ion beam, and a deposit 3 essentially 
containing carbon is formed in ^ rainute ^ 

atmosphere containing hydrocarbon gas. 
[What is claimed is) 

[Claim r] An electron emission device characterized by at leas, comprising an 
msulaung substrate; a pair of electrodes formed on the insulating subZe the 

ZJL2 * 7 n& to ^ other s ° - ,o •*->»- • » W 

^:g^: 0 r:,r ion device to data 

[Claim 3] The electron emission device according to claim , or 2> wherein the 
deposrt essenHaUy containing carbon is an aggregate formed 'of a" 

[Claim 4] The electron emission device according to claim 3> wherein roe 
fibrous carbon . formed of graphite, amorphous carbon or mixture of grapht 
and amorphous carbon. «»*pu«e 

cnlr^eri , A K meth0d ° f » electron emission device is 

ntlw „ I ^T'" 8 3 *" ° f f0n " in8 3 »* of Erodes on an 
nsutong substrate, the pair of electrodes facing to each other so as ,0 

m ZTan 77 " ™« 3 «<* ° f a deposit in the 

minute gap, the deposit essentially containing carbon 

todaLT* T^ 01 manUfeC,Urin S a " ^ --on device according 

Itl P ° S,tm6 * P ° f deP ° Sit ^otiaHy containing carbon is a 

thermal decomposition step of carbon compound. 
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~: rr r.Tsr; r~ — — 



[dew ,i] The method of manufacturing an electron emission device according 

to dam. .0, wherein the step of forming the metal fine oarti,.. 

step of coating organic complex solution of th e ^llT^T^TJ 

complex to metal oxide; and a step of reducina the m»t»i ™m j 
themetalox.de. eaucln « ^ ™^ oxide and aggregating 

[Claim raj The method of manufacturing an electron emission device according 
to dam. u. wherein the step of reducing and aggregating the metal 17**1 
«ep of exposmg the metal oxide at atmosphere containing hydrogen 1 or a 
^Pof^lyheatingthemeWoxide.t.hisaunosphere ^ 
[Chum 13 ] The method of manufacturing an electron emission device accordine 

- . .step of performmg a thermal treatment at a thermal decompo^tion 

° ny <me . ° fmanUfaCtUrin « « emission device according 

*°J °™ ° f . dai ™ 10 to »- ^in the step of reducing and aggregating the 
metal ox.de is performed by thermally treatment for tie meS o2 7*1 ' 
thermal decomposition temperature or less of .th„i 7 
-nuining eti.yiene gas, J^Z^T^JZtZ 
« decomposition temperature or more of emy,ene^ £ J,! 

SEE r Performing deposiaon of * e 

[Claua ,5] An dection sourca is characterized by comprising at !eas, one device 
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devices are matrix-arrayed. * ^ erem """"^ for ,he 

[Oaim , 7 ] A„ image formati<m apparatus fa ^ comprisin* the 

electron source claimed in claim 1 c an i m ,„„ t . y pnsm S ™ e 

[Detailed Description of the Invention] 
[0001] 

[Field of industrial Application] The present invention relates to an elect™ 
em.ss.on dev.ce, an electron source constituted by arranging the ZZ^Z 

■ ST d mission imase ^mJSSiSSS 

dev.ce and an exposure apparatus, which are constituted by use of the electron 

=sr~ 40 a method ° f — - 22 

[0002] 

(Prior Art] Two lands of thermoelectron source and cold cathode electron 

ztjt. trd"e eretofore ^ 35 an e,ectron — 

have been a field em.ss.on type (hereinafter referred to as a FE type] cold 
caftode electron source, a metal/insulating .ayer/metal type (h^nafter 

^ " 3 ,f M ^ M ^ -rcTand a aulce 

conduction type cold cathode electron source. 

[0003] As an example of the FF tvn* »tx<ja . „ 

Physics 8 80^ !! . ^ emiss 'on". Advance in electron 

of* ;,' « y • '*** * Wl W - 400 "PHYSICAL Properties 

1« T «f demiSSi0nCathode5w i*»>°>ybde»iumcones»J.Appl PlTs 47 

5248 C1976) by C. A. Spin* and the like have been known 

SJ^Ta^k" a " ei[amPle ° f MIM ^ ^el-emission 
amphfier , J. Appt. Phys, 32 , WWfl by C . Mead an(J ^ ^ 
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LQOOS] Furthermore, as an example of the surface conduction type electron 
[0006] 

fSubjects to be Solved by the Invention] When the display device and the like 
are constructed by use of the plurality of decuon emission devices as desTribed 
above, umforrnity of e.ectro» emission characteristics of the devices isr« 
and uncomphcated processes for the fabrication of the device showing le 
unrform electron emission properly is required. Accordingly, as to flJZ^ 
em.ss.on dev.ce, eager examinations have been conducted to meet suTa 

farther simp,ificaaon of - - 

[0007] An object of the present invention is to provide an electron emission 
devrce with hrgh reliability, which shows a uniform electron emission pro^ 
wrthout accompany.ng complicated processes, and further another object of the 
present mvention is to constitute an electron source by use of the electron 
em.ss.on device, and an image formation apparatus. 
fooo8] 

Weans for Solving the Subjects and Operation] The mvention denned in 
chums 1 to 4 is an electron emission device which achieves the above described 
object and characterized in that a pair of electees are provided on an 
rnsu.at.ng sufcrtrate so as to interpose a minute gap therebetween; and a 
deposrt rsprovded in the minute gap, the deposit essentially containing carbon 
[0009] The mvention denned in claims 5 to r 4 is a manufactming method of 
the foregomg electron emission device, and is characterized in that a pair of 
electrodes rs provided on an insulating substrate so as to interpose a minute gap 
fterebetween; and a deposit is provided in the minute gap, the deposit 
essentially containing carbon. p^u 

tooio] The invention denned in claims r 5 and ,6 is an electron source 
charactemed rn that the plurality of electron emission devices are arranged 

charactenzed by using the respective electron sources. 
[0011] The present invention will be described in detail below 

£T ] F lV Sa draWiDg ShOWi " 8 8 °f ^ electron emission 

devrce of the present mvention. In the drawing, reference numeral 1 denotes 
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an insulating substrate; , and a device electrode; and 3, a deposit essentially 
containing carbon. v 

tootS] As the substrate t, enumerated are, for example, quartz glass, glass in 

f 't, k 6 J C ° ntent ° f imPUritieS SUCh 35 Na fe "* glass, a 

stacked body ,„ whi eh Sift is sucked on the soda lime glass by a sputtering 

method or like, ceramics such as alumina and the like. 

[0014] As a material of the device electrodes 2 and V facing to each other a 
general conductive material is used. A printing conductor composed of a metal 
including, for example, Ni, Cr, Au, Mo, W, Pt, Ti, Al, Cu, Pd and the like or alloy 
of these metals, a metal including Pd, Ag, Au, RuO„ Pd-Ag and the like or metal 
ox.de of these metals, glass and the like, a transparent conductor such as 
InaO^SnO, and a semiconductor material such as polysilicon are properly 
selected. ~ J 

[0015] The device electrode gap L and the device electrode length W are 
designed according to a type applied and the like. 

[0016] The device electrode length W should preferably be several u m to 
several hundred Mm in consideration of the resistivity of the electrode and the 
electron emission characteristic. The thickness d of the device electrode 
should preferably be several hundred A to several urn. 
[0017] The gap L between the device electrodes should be minute, and should 
preferably be equal to 500 nm or less. 

[0018] Descriptions for a method of manufacturing an electron emission device 
of the present invention will be made based on Fig. 2. Note that in Fig 2 the 

same reference numerals as those in Fig. 1 shows the same member. 
[0019] (A) After the substrate 1 is fully washed out by a cleaning material, pure 
water and organic solvent, a device electrode material is deposited thereon by a 
vacuum deposition method, a sputtering method or the like. Afterward, a state 
where the device electrodes 2 and 2« are communicated with each other is 

SEa))" ^ ^ ^ SUbStrate 1 ^ ^ ° f 3 ph0t0,ith °S ra P h y technique 
[0020] (B) Next, a predetermined gap L is formed between the device 
electrodes 2 and 2' by use of a focused ion beam (FIB) (Fig. 2(b)). The gap L 
can be formed by a method by use of processes of photolithograpy or by a 
method m which a step difference is previously provided in the substrate 1, in 
addition to the foregoing FIB. 
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[0021] (C) A deposit essentially containing carbon is deposited in the gap L. In 
the present invention, the deposit should preferably be fibrous carbon, which is 
formed of graphite or amorphous carbon. 

[0022] The fibrous carbon is generated when hydrocarbon such as benzene and 
CO are thermally decomposed at a vapor phase by use of fine particles as 
catalyst, and the fibrous carbon shows irregular bending, and may accompany 
constrictions (for example, R. T. K. Baker and P. S. Harris: Chemistry and 
Physics of Carbon, Vol. 14 p84 to 165 by Philip L. Walker Jr. and Petere A 
Thrower, MARCEL DEEKER, inc.). 

[0023] Catalyst activity in the decomposition reaction of hydrocarbon gas on 
the surface of a metal such as Fe has been investigated from a long time ago, 
and there have been many reports as to the decomposition of ethylene (for 
example, "Chemistry of ethylene on surface of transition metal" by Eriko 
Yagazaki & Yasuhiro Iwasaki, Surface, Vol. 29, pp 879 to 891, 1991). 
[0024] In the case where fine particles of Fe exist, the fact that the fibrous 
carbon is formed around the nucleus of the fine particles by performing the 
thermal treatment at the atmosphere in which the hydrocarbon exist has been 
well known as described above. The Fe fine particles are formed by reducing a 
Fe compound forming a part of a ferrite substrate. The inventors of the 
present invention found that fine particles formed of Pd widely used in a field of 
the electron emission device serve also as the nucleus in forming the fibrous 
carbon similarly to Fe. Accordingly, in the present invention, when Pd is used 
as the nucleus for forming the fibrous carbon, it is possible to control the 
process maximum temperature to 450 <C or less (when Fe is used, the process 
maximum temperature ranges from 950 to 1000 IC). Therefore, Pd is 
preferable in terms of influences P n other members and manufacturing cost 
[0025] To be concrete, after organic metal complex solution using Pd and the 
like is coated and thermally baked, thus converting the solution to a metal oxide, 
the metal oxide is exposed to atmosphere containing hydrogen gas or subjected' 
to a thermal treatment at this atmosphere, and hence the metal oxide is reduced 
and aggregated. Thus, metal fine particles 21 are produced (Fig. 2(c)). 
[0026] In the present invention, as the nucleus for forming the fibrous carbon 
Ni is preferably used in addition to the foregoing Fe and Pd, The nucleus 
needs not to assume a shape of fine particles. The same effects can be obtained 
if it is forms, such as a projection shape, which is a singular point of a growth of 
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the fibrous carbon. 

[0027] The fibrous carbon is Hpnncit^ u 

P-Ces a, the „ nd eus ^ ^ £ t^tSS^T L7 

a fuUyw.de range. The fibrous carbon shnUar to that of an embommem to be 
described later is formed by a thermal treatment at 9 oo t. How^T as 

treatment at the high temperature, a thermal treatment carried ont at a 
ZTT T 900 ^ ^ r loss is preferable. Actual L 

temperature of the thermal treatment should be set based on a heat-reLant 
temperatureoftheelectrodeandthesubstrate 

^mn1e M nT r ^ e redUCti ° n ^ * *" ^ fine Particles is, for 

tl™ Tf I', 3 temPratUre ' 0Wer than 4116 *— ' ^position 
temperature of ethylene at atmosphere containing ethylene gas and 

subsequent a thermal treatment a, the thermal decomposifion tempe^re "r 

zli * « *• — » of the p :r ; 

pamcles and the deposmon step of the fibrous carbon can be conducted 

rr^" u preferabie in *- - — - - 

S 1 *; " Sa 7 k obse ™ d "X a scanning electron microscope, which 
obumed by thermalry treating a Pd particle-dispersed film at Xylene 

r^otfi OX, v e m *• fibrau » -bo» observed. 

Itwas confirmed by an X-ray photoelectron spectrometry (XPS) and a RAMAN 
spectrometoy that this was carbon. Moreover, when I fibrous carCZ 
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observed by a transmission electron microscone a l nt+ ,v • 

j ~, , "Horoscope, a lattice image was observe 

and the fibrous carbon possesses crystallinity. Note that the laX 
verydistorted,andthecrystalIinityispoor. ^ 18 

[0031] Fig. 3 is a schematic constitution view show,™ 
measurement evaluation system for ZZ^TZZT*- °' " 
character** of the electron emission device. 'J T ££L ~ 
meaaurement evaluation system will be made. aescn Pfons of the 

{0032] In Fig. 3, the same reference numerals as those of Fie i oW. th 

voltage to the anode elec^ 3^ I^Z^SX 
ZSet° n dWiCe ' *• ^ eIertrode 34 and the are 

[0034J The air exhaustion pump 36 is constituted by an ordinarv h.Vh „ 

"to. h.gh vacuum apparatus system composed of an ion pump andfte W 
Moreover, the measurement evaluation system is designed so that th who of 

has- characteristic of the electron emission device, which is to be 

J set to . k Vto lokV . an^ ^^^1^ 
34 and the electron emission device is set to 2 to 8 mm ee '«*ode- 

SZZZXrr? " ? rclaa ° n ° f ^ ™ and the 

4 sirjrrl eV,CeVOltageVfisshowntoFi «- 4. Note that in Fig. 

4. sn.ce the em^ton current U is significantly smaller than the device current! 
both are represented by an arbitrary unit aevice current It, 

[0037] As is dear from Fig. 4. the electron emission device of the present 



9 



uc/v^/wi io;« r.ui< 



Tokkafliei 8-115652 



invention has the following three pathognomonic characteristics for the 
emission current U. 

[0038] First of all, when the device voltage V f equal to a certain voltage 
(referred to as a threshold voltage: V* in Fig. 5) or more is applied to the 
electron emission device, the emission current Ie rapidly increases. On the 
other hand, when a voltage less than the threshold voltage V* is applied thereto 
the emission current I, is not almost detected. Specifically, this electron' 
emission device is a non-linear device having a clear threshold voltage V* for 
the emission current I e . 

[0039] Secondly, since the electron emission device has a characteristic 
(referred to as a MI characteristic) that the emission current I e increases 
monotonously relative to the device voltage Vf, the emission current I c can be 
controlled by the device voltage Vf. 

[0040] Thirdly, the emission charges captured at the anode electrode 34 (see 
Fig. 3) depend on a time for which the device voltage V f is applied. Specifically, 
the charge amount captured by the anode electrode 34 can be controlled by a' 
time for which the device voltage Vf is applied. 

{0041] The emission current I e has the MI characteristic relative to the device 

voltage Vf and, at the same time, also the device current If sometimes has the 

MI characteristic relative to the device voltage V f . An example of such a 

characteristic of the electron emission device is the characteristic indicated by 

the solid lines in Fig. 4. On the other hand, as shown by the dotted line in Fig 

4, the device current If may show a voltage control type negative resistance 

characteristic (referred to as a VCNR characteristic) relative to the device 

voltage V f . Which characteristic the electron emission device shows depends 

on a manufacturing method of the electron emission device, measurement 

conditions and the like. However, in the electron emission device in which the 

device current I f shows the VCNR characteristic relative to the device voltage V f 

the emission current I e has the MI characteristic relative to the device voltage' 
Vf • 

[0042] Next, the arrangement of the electron emission devices in the electron 
source of the present invention will be described. 

[0043] As the arrangement style of the electron emission devices in the electron 
source of the present invention, enumerated are a ladder type array in which 
the electron emission device are arrayed in parallel, and a plurality of columns 
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are arrayed, each column being composed of the plurality of electron emission 
devtces. both terminals (both device electrodes) of which are reapeXI 
coupfed by a wiring (referred ako ,0 as a common wiring), and aQ J£S£ 
whtch n^es Y-direction wirings are placed on m-pieces X-duection' w^ngs 

X-^JLr* " r r,ayer i,BU,ating ^ *->«ween. and ^ 
X-d*«tion wrrmgs and the Y-direction wirings are respectively coupled to a 
pan- of dev.ce electrodes of the electron emission device. TWs is hereinafter 
referred to as a simple matrix array style. First, descriptions of Z Tl 
matrix array will be made in detail. or mis simple 

[0044] According to the basic characteristic of the foregoing electron emission 
dev.ce the em.ss.on electrons in the electron emission device, each of which is 
arrayed wth the si„p,e matrix array style, can be controlled, in a volta™ 
exceedmg the threshold voltage, by a peak value of a pulse-like voltage and^a 
Pdse wrdth thereof which is applied between the device electrodes fadng tch 
otircr. On the other hand, below the threshold voltage, electrons arTntt 
almost emitted. Accordingly, even in the case where the p,ura,ity7f ZZ 
emission devices are arrayed, if the foregoing puI se-.ike voltage is appropr^v 
apphed to the respective device, a. electron emission dele is "t 
accordance with an input signal, and the selected electron emission d^can 
be controlled. Thus, the individual electron emission device is selected" Z 
mdependenUy driven only with the simple matrix wiring 

J^SIT SImpIe T? array b on such a principIe - and a » of 

the election source of the present invention. The constitution of the electron 
^urca w,th this simple matrix array wil. be further described based on HgT 

^ and ^ number *>" ^ of the electron emission devices 54 
arrayedon thesubstrate 1 are suitably set according to the use 

C0047] The m-pieces X-direction wirings S a have external terminals D„, 
D«, and Dot, respectively, and are made of a conductive metals or the like 

melo " 7 t ~ ~*«* ' « -thod, a sputt riS 

mefcod or the hke on the substrate , Moreover, a material, Sickness and 

eTn? w T areMtMthatavolta8efaeven,ys ^ liedtoU >»p'^«yof 

electron emission devices 54. ^ 
[0048] The n-pieces Y-direction wirings S3 have external IV, IX, and D 
respectively, and are formed sim^ 
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sSLtrsr s iayer (not shown) k formed **»-» «•» 

m p.eces X-d.rect.on wnnngs s2 and the n-pieces Y-direction wirings 53 and 
fte wu.ngs are dectricaHy isolated from each other, thus consent £ 
rT^T" 8 - **■**"«*«"» — » are a positive integer. ' 

£ 2J2 ' h D ^r" 3 "" 8 ^ (DOt ^ h Si0 " - *• >*e. which 
are formed by use of a vacuum deposition method, a printine meftod , 

spunenng method or the HKe. and is formed on fte enT s^fl ^ 

as to have a desired shape. Particularly, the film thickness material and 
manufactunng method of the interlayer insulating ,ayer are suitl'b" J to 

idTo^ ^ anding ' P ° te[ltial dBta — « «— « Portio* o7, he X 
and Y-direction wirings 52 and 53 

2 rTch' f e dev t (not shown) ° f ^ 

■■ x!ZL ^ 3re electricai, y ~ u P kd by the m-pieces 

^nrT **«*»» 3 53 and the cou^ 

hues 55 made of a conductive metal, which are formed by use of the vacuum 

M fotnt - K ' 6 de ™ ele * od - feeing to each other 

Znt T y Same materiai ° r different ">« i» *e parts of their 
consttuen component or the total thereof, and the materials of them a" 

coupled to the dev.ee electrodes are sometimes generally called a d™! 

S: T en ^ "*f have 11,6 ^ - ^ £e 

electrode. In addmon, the electron emission device 54 mav be fom,^ 
on fte substrate t or an interlayer bating ,ayer (not 

SST IT desaiM ia detan - scanning ■»»— — 

X^reZT W ymg 3 SCanning ^ h to *e foregoing 

X^recuon wmngs 52 in order ,0 scan the column of the electron em L2 
dev.ee 54 arrayed in the X-direction in accordance with the input signal 
[0054] On the other hand, ,0 modulate each column of the 'Remission 

stZfor ar rn dintheY - di r tion ' 

tUL ^ 3 m0d ° mDS SigDal * eha "^y -Pled to the 
^Tl™" B V* MOre0Ver ' 3 » to each of 4 

electa* devtces 54 is supplied as a voltage difference between the 
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modu,at,ns si8Ml ' which - ap > ]fed » 

[0055] Next, an example of an image formation apparatus using the elect™ 

source of the present invention adopting the foreJn, «i 1 

be described by use of Fies 6 to «T i T 8 " " array 

display nanel 8, £ , • j & 6 * 3 baSic "-a*"*"* view of a 

ToST ^ 7 * 8 raWing Sh0Wing a am 64, and Fig 8 is 

a block digram showing an example of a driving circuit for J* 

Sfcl^™."? 1 *°*~ 3 SUb5trate ° f e'«=tron source 
ir « emiSS, ° n dCViCeS are arrayed in * e *bove described 

flTo™, a m r r a rfrrr substrate « 66 - a *- » ^ 

""orescent film 64, a metal back 6 S and the like are formed on the interior 

constitutedbycoatingflitglassorthelikeontotherearDlatefi, rt,- ! 

400 t; to 500 C for ten minutes or more. S 
[0057] In Fig. 6, reference numerals 52 and S3 are the X and Y-direeHon 

dev.ce 54 respectively, and the X and Ydirection wirings 52 and S , have the 
extemaltermina.sD„toD„„andD y ,toD ro respectlvely " 

S CaSiDg . 68 ^ C ° nSatated hy *» fe « P' ate <*• *• ^Porting frame 
62 and tte rear p.a,e «. as described above. However, the Z plareTfe 
prmcpany provided with the intention for the reinforcem nt of 21 JZl ' 
tte su^ate, when the substrate , itself possesses sufficien^Xtbl 
rear plate 61 as a separate member is unnecessary Th* «, ZT' 

by the face plate 66. the supporting frame 62 and the substrate MoZf/! 

SfcaTof T"" fflm 64 k fomed ° f ° n » fl — ■* -bstance 
72 .n the ease of monochrome, the fluorescent film 64 is constituted bv a bilk 

Xa)) or a black matrix (Fig. 7 (b)) according to the array of the fluorescent 
substance 7 2 m the case of the color fluoresce* ^ ^ ^object*™ 
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*e black stripe and the b.ack matrix is to make color mixture and the like 
^conspicuous by blackenmg the boundary between the fluorescent substances 
7* of three pnmar^ which m necessary for color displaying. Another object 
* to suppress the decrease of contrast owing to externa, reflection io ^ 
fluorescent fflm 74 . As the material of the black conductive member 7 " „« 
only a matenal essential.y containing graphite ordinarily wide.y used but also 
other maters can be used as long as the materials are conductive and show 
less light transmittance and reflection. 

[0060] As the method to coat the fluorescent substance 72 on the glass 
substrate 73, a deposition method and a printing method are used irrespective 
ot monochrome displaying and color displaying. 

[0064 Furthermore, as shown in Fig. 6, the metal back 65 is ordinarily 

prov.dedonthe.nteriorsurfaccsideofthefluorescentfitoe^ Themetalback 
6 S is used for the purpose of enhancing luminance by mirror-reflecting light 
among hgh, emitted by the fluorescent substance 7* (see Fig. 7) to the g L 
substrate 63 side, which is to be propagated toward the inside, of acting as an 
electrode for applying an electron beam acceleration voltage, and protecting the 
fluorescent substance 72 from damages by collisions of negative ions generated 
within the casing 68. The metal back 65 can be prepared in such a manner 
ttat after the preparation of the fluorescent film 64, the interior surface of the 
fluorescent film 64 is subjected to a smoothing treatment (usually called 
fflmmg), and then Al is deposited by use of a vacuum deposition and the like 
[0062 ) To enhance the conductivity of the fluorescent film 64, in the face plate 
66, a transparent electrede (not shown) may be provided on fire outer surface 
side of the fluorescent film 64. 

[0063] When the foregoing hermetic attachment is conducted, since the 
fluorescent substance 72 of each color and the electron emission device 64 must 
correspond to each other in the case of color displaying, it is necessary to 
perform full position alignment 

£0064] Inside of the casing 68 is made to be a vacuum of about 10 -* Torr 

uZlrT Z ^""l 0 " ^ ^ and Furthermore, 

ZT ^° re ° r *" "*« 68 " a treatment 

~nes performed. This is a treatment in which a getter (not shown) 
arranged at a predetermined position in the casing 68 is heated to form a 
deposmon film. The getter usually contains Be and the like essentially, and 
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serves to maintain a vacuum of, for example,, X ,o-sto, X 

tZZ?£ t e abK,Iptio,, faaaion otaa deposition «"»• 

terminals IX, to and rtp u ierm,nals to D^, the external 

scanmng signals being for sequentially driving an elecZT 7 

taTed Ts^ s^, 82 » S ^ ^ments therein 

cbWatt«istic 0 crfthe'f ^ V ?^^* source V„ in this example is set based on the 
aractenstrc of the foregomg electron emission device (threshold voltage) so 
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[0070] n,e control ctrcurt 83 has a function to adjust operations of the sections 

oftheorc^tsothataproperdispIayingUcarriedoutbasedonthetaagesila^ 
.npu, from the outside. Based on a synchronous signa. se^ron^Le 
^chronoc* signa, separation circuit 86 ,0 be described 
T«an, Tift and Tmiy are generated for the sections of the circuit 
[0O71] The synchronous signal separation circuit 86 is a circuit for separating a 
synchronous S1 gna. component and a luminance signal component fromle 
tele^on s,gna. of the NTSC system input from tire outside, a»X as weH kl™ 
can 1. constituted cvith the use of a frequency separation (nlteri circuit. T£ 
wen toown the synchronous signal separated by the synchronous signal 
section crcmt -86 is composed of a vertical synchronous signa. and a 
honzontal synchronous signal. Herein, for convenience's sake of an 
explanation, the synchronous signal is illustrated as T w . On the other hand 
the lununance signal component of the image separated from the foregoing 
tek^on s^a. is nitrated as a DATA signal for convenience's sake. This 
DATA signal is input to a shift register 84. 

too^j The shift register 84 seriaVparauel-conver* the foregoing DATAsignal. 
wluch « senal-mput thereto time-sequentially, for one line of the image ana 
operates based the control signal T- sent from the foregoing control circuit 
8 3 . Th* .control stgnal T rt may be said alternatively as a shift clock of the shift 
register 84. Furthermore, the data equivalent to one line of the image 

ubjected to the senaJ/parallel conversion, is output from the foregoing shift 
register 84 as n-pieces parallel signals U, to W 

S 1 *" B ~Tr y 85 " " ^ dCTiCe f ° r Stori "8 ** ° f «■» «»e of tire 
image for a penod of time required, and properly stores contents of I d ,to U. in 
accordance with the control signal T^ sent from tire control circu, 83 The 

zzztr * ou,put * * to ^ and input to *■ moda>atim **- 

[0074] The modulation signal generator 8 7 is a signal source for performing a 
cfrwe modulation , for each of the electron emission devices pro^ in 
accordance wrth the corresponding one of the foregoing image daU iTto „ „ 
and *e output signals from the modulation signal generator 87 are 
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^22^t2~~»:— 

materia!, constitution and manufilring m^T* Z 
device, the following can be derived any 4 emlSSi ° a 
[0076] Specifically, when the pulse-like voltaee is an „ii^ ♦ , 
emission device, the electron emission does f **» 

the voltage equal to the threshold voltage or lesXuIL ^ f ° reXample - 
the v„.tage exceeding the threshold Jag lZl , "~'. When 

occurs At thi* *t m « * v , applied, the election em ssion 

changing the width o ITZ^l^T^^ * 

an,ounto fai echargeso f theelecrnntCur ,ble * " * ^ 
[0077] Accordingly, as a method of modulatine the electron* • • , . 

-snal. Tuscan be perfonned by providing an A/D converter in. an «£ 
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section of the synchronous signal separation circuit 86. 

[0080] Moreover, in association with this, the circuit provided in the 
modulation signal generator 87 differs a little depending on whether the output 
signal of the line memory 85 is a digital signal or an analog signal 
[0081] Specifically, in the case of the digital signal and the voltage modulation 
method, for example, a D/A conversion circuit that has been well known is used 
as the modulation signal generator 87, and an amplification circuit and the like 
may be added if necessary. In addition, in the case of the digital signal and the 
pulse width modulation method, the modulation signal generator 87 can be 
easily constituted by use of a circuit obtained by combining a high speed 
oscillator, a counter for counting the number of waves output by the oscillator 
and a comparator for comparing an output value of the counter and an output 
value of the foregoing memory. Moreover, an amplifier may be added thereto 
if necessary, which amplifies the voltage of the modulation signal, which is 
output from the comparator and is modulated with respect to its pulse width, to 
a voltage for driving the electron emission signal. 

[0082] On the other hand, in the case of the analog signal and the voltage 
modulation method, for example, an amplification circuit using an operational 
amplifier and the like, which have been well known, may be used as the 
modulation signal generator 87. A level shift circuit and the like may be added 
if necessary. Moreover, in the case of the analog signal and the pulse width 
modulation method, a voltage control type oscillation circuit (VCO) for 
example, which has been well known, may be used. An amplifier for 
amplifying a voltage of the modulation signal to a voltage for driving the 
electron emission device, if necessary. 

[0083] The image forming apparatus of the present invention, which has the 
display panel 81 and the driving circuit as described above, can emits electrons 
from necessary electron emission devices by applying the voltage from the 
terminals D„ to D m and D^to D^, and applies a high voltage to the metal back 
55 or the transparent electrode (not shown) through the high voltage terminal 
Hv to accelerate an electron beam. The image forming apparatus can performs 
television displaying in accordance with a television signal of the NTSC system 
by excitation/light emission caused by allowing the accelerated electron beam 
to collide against the fluorescent film 54. 

[0084] The above described constitution is a schematic constitution necessary 
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in the image forming apparatus of the present invention and nA ^ 

z^r 8 iines of 1118 - ^ - 2 

[O08 5 ] Next, an example of the electron source adopting the foreaoin, Lu 

array and the image forming apparatus of the .LitSSX 
electron source will be described by use of Fig. 9 aad Fig 1Q t, ° nUS,n8the 

S rcferenCenU,neral 1 ^tesasubstrate; 54, electron emission 

devces, and 94, common wirings for coupling the electron emission devices J 

„ 1 1S 081,6(1 a device column. Then, the devicp 

(for example, he common wiring 94 of the external terminals D, and L of 
stLtT T * * « » dri ™ «* **• co-umn inaependenUy 
d^l:^,^ ^ threSh0 ' d "» « to a 

emft tt etL K ^ ^ aPP " ed 10 3 **» «*»» **- not to 
o2eenl!T n ^ ™ ^Pcc* to the common wirings D 2 to D 9 arrayed 
b*ween tte devce columns, the application of such a driving voltage can be 

I00B9] Fig. ro is a drawing showing a structure of the display panel or 

orT, ~- ° f ^ fore8 ° in8 Mder 5£ is 

r^T 1 * 6 eleCtroD of «*" invention. 

f0090] In Fig. 10> refemnce numeral 92 denotes a grid electrode; 93 an 
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opening for allowing electrons to pass therethrough- n ♦ ^ 
terminals for applying voltaees to r^lZ , through; Dl to D -, external 
tn r ^ i ° ltages to res Pecdve electron emission devices- anH r 

to G„, external terminals coupled to the *riW «i ^, ^ devices, and G, 



[0091J In Fig. ,o, the same reference numerals as those in Fi* f> A ♦ u 
same members. The display panel of Ffe ,« a* ? S * 6 den ° te Ae 

panel 8i usin* the eWn- ! ^ greatly ^ the display 

^«uci 01 using the electron source adopting the simnlp m«^- v , y 

S SZZZZT- ° f *» - **— 9a are not 

L0094J The external terminals D. t« n o„j ^ * ~ 

sequential drivingTInni^Tf t ^ V «*> *e 

and^imagecanbed.p.ayedone.inebyo™ ' """" 
[0095] As described above th*> i maM * 

invention can be obUinedT^f 8 aPParatUS ° f *" 

which adopts any oTrf tT . ° f ra inventi ° n ' 

The Im J . f • mP ' e ma,rix ""^ and *e 'adder type arrav 

f ,mase fonnln 8 apparatus suitable for display devices rf^ 

opncai pnnter, which is provided with a 
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photosensitive drum. 
[0096] 

[Embodiments] 

[Embodiment ,] As a first embodiment of the present invention, the electron 
emission device shown in Fig. 1 was fabricated. 

[oo 97 ] First, a Ti of a thickness of 5 nm and Pt of a thickness of 30 nm were 
deposited m vacuum on a quartz glass substrate by use of a metal mask, thus 
forming a device electrode. Next, the portion between the device electrode was 
locdb, removed by FIB, thus forming a gap having a lengft L of 340 nm and a 
width W of 100 um. 

[0098] Next, after organic Pd complex solution (prepared by diluting down CCP 
4230 made by Okuno Pharmacy Co. Ltd. with butyl acetate to one third) was 
spm-coated, and subjected to a thermal treatment in the air at 300 «C 
Further, a thermal treatment was conducted at 180 «C in hydrogen air flow of 
2 %, which is obtained by diluting the hydrogen air with nitrogen. In this state 
fine particles having a diameter . * of 3 to 7 nm were formed on the surface of 
the device in this stage* 

[0099] Subsequently, a thermal treatment was conducted for 10 minutes at 
500 t m ethylene air flow of 0.1 %, which is obtained by diluting the ethylene 
an- with nitrogen. When this was observed by a scanning electron microscope, 
it was found that a large number of fibrous carbons extending fibrously with 
bending portion and having a diameter of i 0 to 25 nm were formed in the gap 
between the electrodes. Pd fine particles and fibrous carbon were not observed 
on the device electrode, and the Pd fine particles were considered to be 
absorbed in a Pt electrode. 

[0100] I e and I, of the electron emission device fabricated in the above 
described manner were measured by the measurement evaluation system 
shown in Fig: 3. 

[0101] As a result, while I e gradually increased, I f once decreased rapidly, and 
then increased gradually. Thus, I, reached to saturation after about 600 ' 
seconds. At this time, I e was about 0.5 U A, and I f was about 0.5 mA 
[0102] [Embodiment 2] The electron emission device was fabricated in the 
same manner as the embodiment 1 except that the gap between the device 
electrodes was set to 500 nm, and I e and I, were measured. I c and I f were 
saturated after about 400 seconds, respectively, and the values of Ie and I f were 
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almost equal to those of the electron emission device of the embodiment . 

S t 0bSe,Vati0n ^ *" SCanniDg eleCtr ° n miCroS00 ' ,e - simiIa ^ t° *e 
emb*hment x, ,t was observed that a large number of fibrous cartel were 

formed ,„ the gap. Note that the fibrous carbons were few in the center of the 
S a P* 

[0.04] fEmbodiment 3] In a similar manner to that of the embodiment , the 
dev.ce electrodes and the gap between the electrodes were formed, and org** 
Pd complex solutxon was coated thereon and then, baking at 300 r was 
conducted thereon. Thereafter, a thermal treatment was conducted for to 
imnutes at .80 t: in 0.1 % ethylene air flow diluted with nitrogen, and 
subsequently the device efectrode and the gap coated with the organic Pd 
complex solution was heated to 450 thus conducting a thermal treatment 
for xo minutes. The .electrical characteristic of the electron emission device 
was almost identical to that of the embodiment 1. 

[0.05] [Comparison example 1] The device electrodes and the gap between the 
electrodes were formed according to the steps similar to those of the 
embodxment x. and Pd minute particles were formed. Thereafter, the thermal 
treatment step in ethylene atmosphere was omitted, and I. and I, were 
measured. As a result, both of U and I, were not observed. 
[0x06) [Comparative example a] The electron emission device was fabricated in 
a smxflar manner to that of the embodiment x except that the gaps between the 
electrodes are set to 000 run. When U and I f were measured, both of I. and I, 
were not observed at all. 

[0107] When this electron emission device was observed by a scanning electron 
m,croscope, it was found that though the fibrous carbons were formed near the 
end of the device electrode, the fibrous carbons do not exist in the center of the 
gap. and the interval, between both of the carbons was large. The reason why 
above described phenomenon occurred is as follows. When the organic Pd 
solution was coated, the solution <x>ncentrated near the end of the electrode due 
to surface tension of the solution, and the solution is little near the center of the 
electrode. As a result, the Pd fine particles were not formed at the center of the 
gap. Accordingly, it was estimated that the fibrous carbon to be deposited at 
fte fine particles as nucleus was hard to be deposited. Therefore, the gap 
between the fibrous carbons was wide, and 1« and I, were not observed 
Specrfically, a current did not flow between the device electrodes, and it was 
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estimated that the electron emission did not occur 

[0108] [Embodiment 4] The electron source in which the electron emission 
devices were arrayed with the simple matrix wiring was fabricated. The 
procedures are shown below. 

[0.09] After Cr of a thickness of 5 nm and Au of a thickness of 60 nm were 
sequentuuly deposited on the cleaned soda lime glass subsuate by a vacuum 
deposrtion method. Thereafter, photoresist (AZ.370: made by He* Co Ltd.) 
was coated whUe rot ating a spinner, and baked. Thereafter, a photomask 
.mage was exposed and developed, and a resist pattern of a lower wiring was 
formed. An Au/Cr deposition stacked film was subjected to wet etching thus 
forming the lower wiring. 

folio] An mterlayer insulating layer formed of a silicon oxide film having a 
tiucknesa of 0.1 u m was formed by use of a high frequency sputtering method 
[Om] K photoresist pattern for forming contact holes on the deposited sflicon 
ox.de film was formed, and the mterlayer insulating layer was etched by use of 
the photoresist pattern as a mask, thus forming the contact holes. The etching 
was conducted by a RIE (Reactive Ion Etching) method using CR, gas and H° 
gas. 

[0112] A pattern which is to be the device electrode was formed by use of a 
photoresist (RD-2000N-41: made by Hitachi Chemical Co., Ltd.), and Ti of a 
th,ckness of 5 nm and Ni of a thickness of 100 nm were sequentially stacked by 
use of a vacuum deposition method. The photoresist pattern was dissolved by 
organic solvent, and the Ni/Ti stacked film was lifted off. thus forming the 
device electrode. 

[0113] After a photoresist pattern for an upper wiring was formed on the device 
electrode, Ti of a thickness of 5 nm and Au of a thickness of 100 nm were 
sequentially stacked on the device electrode by use of a vacuum deposition 
method, and unnecessary portions were removed by lifting-off, thus forming 
the upper wiring. & 

[0114] A resist film was formed so as to cover the portion other than the contact 
hole portion, and Ti of a thickness of 5 nm and Au of a thickness of 500 nm 
were sequentially deposited by use of a vacuum deposition method. By 
removing the unnecessary portions by the lifting-off, the contact hole was 
buned. 

C0115] Similarly to the embodiment 1, a gap was formed between the device 
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electrodes by FIB. Moreover, similarly to ^ em( ,. 

implex so.ution washed by a 1^ ^°' ^ " 

converting the dried organic Pd compfex soJon t ^O M ^ *~ 

treatment at ,80 t for to minutes was conduct i!°' JT T' 3 

a * H„ thus f ormin g Pd fine partfc,^ ndUCted m muted ^ "ow of N, and 

[0116J Similarly to the embodiment 1 a th.™,! . 

minutes was conducted in o 0. % in a^n J * 500 * for 10 
When the dec*™ emission IL^S,*" fom,i ° 8 -*». 
high resolution SEM (scanning J efe^nt T " * a 

no fibrous carbon were observ^t wa^ti" P " M " ^ 
the device Cectrode were dfflJZ,TS2 \ / 
treatment. We eIectro <fe due to the thermal 

Sntrrro^tp; r:i£r. phte — - 

scan-driven in order of time Thl , , emUsl ° a devfces «*» 

orawing.reference^Lllr™ *"^' bed ^ ri ^ In 
the vacuum Z7u Z TZZX * T * <—* 

exhaustion system (not shownl P.f P " " Iess **■ an air 

and reference num ^ ^Ltes a TvT "Z^ 
--ion portion (inter^Itp) aT^ b ^" a »— ° f - ^ectron 
Reference numerals u S and 1^*3 , ^ ' ^ and the ««* 

«nes. Reference J^!^^^^^ 7 ^^' 
the foregoing wiring, pll^ a ^ 7** «» 
which is formed in such a manner * , e * racUon 

7V. ^eextractionetectrodevoX^ssI^ ^ 

Son^^^^—d^ *" * - 
variations of luminance oLmon^Td " 2 ' * "~ C ° nflmed **■ 

*«s embodiment, and ^S* f XT n ^i'" ^ ^ — ° f 
high. 7 6 eIectr °n emission characteristic was 

to.*,, tEmbodiment sl An image forming member was combined with tte 
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elect™ source of the embodiment 4 as shown in Fig. 6, and a display device 
capable of oisplaymg image information provided from various image 
nrfonnation sources from, for example, a TV broadcasting down was 
constructed. A block diagram of the display device is shown in Fig 12 
torn] In the drawing, reference numeral 120 denotes a display panel; 12., a 
dnvtng arcurt for driving the display panel 120; 122, a display controller; .23 a 
multiplexer; 124, a decoder; 125. an I/O interface circuit; 126, a CPU- 127 an 
unage generation circuit; 128, .29 and .30. an image memory interface circuit- 
131, an .mage input interface circuit; 132 and ,33, a TV signal receiving circuit- 
and 134, an input section. (Note that as a matter of course, this display device 
displays an image and simultaneously reproduces voice when the display 
receives a signal containing both of video information and speed information 
like a TV signal, and descriptions for circuits concerning receiving, separation 
reproduction, processing and storing of the speech information, which do not 
relates directly to the features of the present invention and a speaker are 
omitted) 

[0122] Each section will be described along the flow of the image signal below 
[0123] First, the TV signal receiving circuit 133 is a circuit for receiving the TV 
image signal transmitted by use of a radio transmission system such as radio 
wave and spatial optical communication. A system of the TV signal received is 
not particularly limited, and various systems such as a MTSC system a PAL 
system and a SECAM system will do. Moreover, a TV signal composed of a 
large number of scanning lines (so called a high quality TV from, for example a 
MUSE system down) is a signal source suitable for utilizing the advantages of 
the foregoing display panel, which fits a large area and a large number of pixels 
The TV signal received by the TV signal receiving circuit 133 is output to the 
decoder 124. 

[0124] Furthermore, the image TV signal receiving circuit 132 is a circuit for 
receiving a TV image signal transmitted by use of a cable transmission system 
such as a coaxial cable and an optical fiber. A system of the TV signal received 
is not particularly limited like the foregoing TV signal receiving circuit 133, and 
also the TV signal received by this circuit is output to the decoder 124. 
[0125] Furthermore, the image input interface circuit 131 is a circuit for taking 
in an image signal supplied from the image input apparatus such as a TV 
camera and an image reading scanner, and the image signal taken in is output 
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to the decoder 124. 

L 0 rL MOrc0Ver ',' he T mem0,y drcUit 130 fe a ^ taking 

man ,mages,g„al stored in . .video tape recorder (hereinafter referred to as a 
VTR), and the miage slg nai taken in is output to the decoder 124 
[0127] Furthermore, the image memory interface circuit 129 'is a circuit for 

[0*8] Furthermore, the image memoiy interface circuit 128 is a circuit for 

s^Zr Z 7" ff ' ft ° m aD * StiU im *& which stores 

still image data, and the still image data taken in is output to the decoder .24 

to.29) The I/O interface circuit 125 is a circuit for coupling this display device 
an external computer, a computer network, and an output apparatus such as a' 
prune, As a matter of course, the I/O interface circuit .25 inputs/outputs the 
.mage data and characters/graphic information. In some cases, fte I/O 
interface circuit 125 can inputs/outputs a control signal and numerical data 
SSTdST* ° f ^ * **» *» CPU « P^ded in 
(0130] Furthermore, the image generation circuit 127 is a circuit for generating 

mt^th'T. . baSCd ° n ima8e ^ and ^-/» information 
input thereto from the outside through the foregoing I/O interface circuit ,25 
and based on image data and character/graphic information output from the 
CPU 156. In the mside of this circuit, circuits necessary for generating the 
.mage from a rewritable memory for storing, for example, image data and 
character/graphic information, a read only memory storing an image pattern 
corresponding ,0 a character code, and a processor for an image processing 
down are incorporated. B 
[0131] The display image data generated by this circuit is output to the decoder 
«4. and ran be output to an external computer network and a printer through 
the foregomg I/O interface circuit .25 in some cases. 

to.32] Furthermore, die CPU .26 performs an operation control of this display 
dev.ee and operations concerning a generation, selection and edition of the 
display image, 

[0.33] For example, the CPU 126 outputs a control signal to the multiplexer 123 
properly selects the image signals to be displayed on the display panel, and 
oombnies them. Furthermore, at this time, the CPU 126 generates the control 
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signal to a display panel controller in accordance with the image signal to be 
displayed, and properly controls an operation of the display device including an 
image display frequency, a scanning method (for example, an interlace or a 
non-interlace), and the number of scanning lines of one screen. 
[0134J Furthermore, the CPU 126 directiy outputs the image data and the 
character/graphic information to the foregoing image generation circuit 127 or 
inputs the image data and the character/graphic information by accessing 'the 
external computer and the memory through the foregoing I/O interface circuit 
125. 

[0135] Note that as a mater of course, the CPU 126 may have to do with 
operations other than these operations. For example, the CPU 126 may have 
directly to do with functions to generate and process information like, for 
example, personal computer and word processors. 

[0136] Alternatively, as described above, the CPU 126 is connected to an 
external computer network through the I/O interface circuit 125, and may 
perform an operation such as a numerical computation in cooperation with 
external equipment. 

[0137] Moreover, the input section 134 is.a circuit for inputting an instruction, a 
program, or data to the foregoing CPU 126 through the user, and various input 
devices including, for example, a joy stick, a bar code reader and a voice 
recognition apparatus in addition to a key board and a mouse can be used as the 
input section 134. : 

C0138] Furthermore, the decoder 124 is a circuit for inversely converting 
various image signals, which are input from the foregoing image generation 
circuit 127 and the foregoing TV signal receiving circuit 133 to a three primary 
color signal, a luminance signal, an I signal or a Q signal. Note that as shown 
by the dotted lines, the decoder 124 should comprise an image memory therein. 
The reason why the decoder 124 comprises the image memory is to deal with a 
TV signal requiring the image memory in the inverse conversion. Moreover 
this is because, by providing the image memory, advantages that displaying of " 
the still image becomes easier, and advantages that image processing and 
edition from thinning, an interpolation, an enlargement, a reduction, and 
synthesis of the image can be performed easily in combination with the 
foregoing image generation circuit 127 and CPU 126, are created. 
£0139] Furthermore; the multiplexer 123 properly selects a display image based 
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on the control signal input ftom the foregoing CPU 126 . Specifically the 
mmnplexer ,23 se.ects a desired image signal among the imag^signaL th* 
have bean subjected to the inverse conversion, which are input from the 
decoder ^ and outputs the selected image signal to the driving circl « 

sdect the unage s ,gual, whereby the different images can also be displayed in 
Afferent areas by dividing one screen into the p.uraHty of areas as so called 
multi-screen TV. 

[0140] Furthermore, the display panel controller l22 is a circuit for controlling 
an operation of the driving circuit ,21 based on the control signal input from the 
foregoing CPU 126 thereto. r ™ 

[014.] First, with respect to a basic operation of the display panel, a signal for 
controHmg an operation sequence of, for example, a driving power source (not 
shown) of the display panel is output to the driving circuit 121. 
[0142] Furthermore, with respect to the driving method of the display panel for 
example, a signal for controlling, for example, an image display frequency and a 
scanning method (for example, an interlace or a non-interlace) is output to the 
driving circuit 121. 

[0143] Furthermore, a control signal relating to an adjustment of the image 
including luminance, contrast, tone and sharpness of the display image is 
sometimes output to the driving circuit 121 depending on circumstances 
[0144] Furthermore, the driving circuit 121 is a circuit for generating a driving 
signal which is applied to the display panel 120, and the driving circuit 121 
operates based on the image signal input from the foregoing multiplexer 123 
and the control signal input from the foregoing display panel controller 122 
[0145] The function of each section is described in the above. It is possible to 
display the image information input from various image information sources on 
the display panel 120 in this display device with the constitution shown in Fig 
12 Specifically, after various image signals from the TV broadcasting down is 
subjected to the reverse conversion in the decoder 124, the image signals are 
properly selected in the multiplexer 123, and input to the driving circuit 123 
On the other hand, the display .controller 122 generates the control signal for 
controlling the operation of the driving circuit 121 in accordance with the image 
signal to be displayed. The driving circuit 121 applies the driving signal to the 
display panel 120 based on the foregoing image signal and the control signal. 
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Thus, the image is displayed in the display panel 120. A series of operations 
are collectively controlled by the CPU 126. 

[0146] Furthermore, in this display device, the image memory built in the 
foregoing decoder 124, the image generation circuit 127 and the CPU 126 
participate in the operations of the display device. Therefore, not only the 
image information selected among the plurality of image information is 
displayed, but also the image processing for the image information to be 
displayed including, for example, an enlargement, reduction, rotation, 
movement, edge emphasis, thinning, interpolation, color conversion, and 
conversion of an aspect ratio of the image, and image edition including a 
synthesis, an erasion, a connection, a switch, and fitting can be performed. 
Although the descriptions of this embodiment did not mention the following, a 
dedicated circuit for processing and editing voice information may be provided 
similarly to the foregoing image processing and image edition. 
[0147] Accordingly, one unit of this display device can have functions such as a 
display device of a TV broadcasting, a terminal device of a TV conference, an 
image edition device dealing with a still picture and a moving picture, a 
terminal device of a computer, an OA terminal device from a word processor 
down, and a game machine, and has a very wide application range as industrial 
and consumer display devices. 

[0148] Note that, Fig. 12 shows nothing but an example of the display device 
using the display panel having the electron emission device as the electron 
source, and, as a matter of course, limitations are not made to this. For 
example, circuits concerning unnecessary functions from the viewpoint of 
intended end-usage may be omitted among the constituent components of Fig. 
12. Moreover, on the contrary, constituent components may be added 
depending on the intended end-usage. For example, when the this display 
device is applied to a TV telephone, a receiving/transmission circuit and the like 
including a TV camera, a voice microphone, an illuminator, a modem and the 
like should preferably added thereto. 

[0149] In this display device, since the display panel using the electron emission 
device as the electron source above all can be easily made to be thin, the depth 
of the display device can be made to be small. In addition, the display panel 
using the electron emission device as the electron source can be easily 
manufactured so as to have a large screen and exhibits high luminance. 
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Fu^ermore the display panel is excellent in a characteristic of an angle of 
fieR Accordingly, the display device can display an impressive image 
exhibiting sense of reality with good visibility. 

I0150] Moreover, since the electron source of the present invention shows 
uniform electron emission characteristic among the electron emission devices 
the display device can form a high quality a formed image, exhibits a high 
quality, and can display an image with a high definition 
[0151] 

[Effects of the Invention] As described above, according to the present 
invention, an electron emission device showing a good electron emission 
characteristic can provide with high reliability, Wd particularly complicated 
steps and effective materials are not used in fabricating the electron emission 
device. Accordingly, in the electron source of the present invention using the 
plurality of electron emission device and in the image forming apparatus, since 
luminance of luminous points formed by the devices are even and uniform 
formation of a high quality image is possible. 
[Brief Description of the Drawings] 

[Figure 1] Fig. 1 is a basic constitutional view of an electron emission device of 
the present invention. 

[Figure 2] Fig. 2 is a drawing showing an example of manufacturing steps of the 
electron emission device of the present invention. 

[Figure 3] Fig. 3 is a drawing showing a measurement evaluation system for 
evaluating an electron emission characteristic of the electron emission device of 
the present invention. 

[Figure 4] Fig. 4 is a drawing showing the electron emission characteristic of the 
electron emission device of the present invention. 

[Figure 5] Fig. 5 is a schematic view of a simple matrix electron source of the 
present invention. 

[Figure 6] Fig. 6 is a drawing showing an embodiment of an image forming 
apparatus of the present invention. 

[Figure 7] Fig. 7 is a drawing showing a fluorescent film used in the image 
forming apparatus of the present invention. 

[Figure 8] Fig. 8 is a block diagram of the embodiment of the image forming 
apparatus of the present invention. 

[Figure 9] Fig. 9 is a schematic view of a ladder type electron source of the 



Tokkafliei 8-115652 



present invention. 

[figure 10] Kg. ,o is a drawing showing an image forming apparatus of the 
present mvention using the iaddertjpo electron source 

Wgure «J Fig. n is a drawing showing a measurement evaiuation system of the 
electron source of the present invention 

[Figure raj Fig. „ is a block diagram of an application example of an image 
forming apparatus of an embodiment 4 of the present invention. 
[Explanations of Reference Numerals] 
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